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© A non-lnvaalvo system for determination of the main cardiorespiratory Pyrometer* of the human 
body. 

(£7) a medical device, utilizing a non-lnyasfve 
method for determining the main cardiores- 
piratory parameters of a patient's body, and 
employing a method of operation wherein two 
or four electrodes are applied to the patient's 
body in a manner enabling Integral b to Impe- 
dance measurements of the total body of a 
patient to be effected. High stability amplkude 
alternating current Is passed through the elec- 
trodes Into the body so as to obtain an Integral 
impedance curve of the body and derive theref- 
rom simultaneous automatic separation of an 
active component The desired cardtaresplrat- 
ary parameters of the body are calculated from 
die active component of the Integral blolmpe- 
dance, using empiric formulae applicable to 
Integral bioimpedance measurements; the cal- 
culation being accomplished based on the aver- 
age data obtained during a respiration cyde. 
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The present Invention relate* to non-invasive cardiac and respiratory monitors, more particularly, to such 
system© for determining cardiac and respiratory performance using electrical bioimpedanoe measurements. 

Thermodllutfon Is a well-known Invasive procedure for enabling a physician to determine the main hemo- 
dynamic parameters of the human body. The patients Investigated are admitted to the Intensive Care Unit and 
have pulmonary artery catheters Inserted; the cardiac output direct measurements are made for clinical Indi- 
cations. Ice cold saline solution Is used for the. thermodilution measurements. This method la quite accurate, 
but ft suffers from obvious disadvantages of an Invasive diagnostic and treatment procedure. 

Several non-invasive methods Intended to substitute the invasive thermodllutton procedure have been dis- 
closed In the prior art Two 

An obvious requirement of non-invasive techniques Is the correlation of their results with the readings ob- 
tained by the basic Invasive method, such as thermodllutlon. It has been found that the echocardiography 
measurements are technically unsatisfactory In many cases. 

On the other hand, the blolmpedance measurements, performed by modern Impedance cardiographs, 
show reasonable correlation coefficients with thermodilution. (C. Jewkes and others: British Journal ofAn- 

16 aesthesla 1991; 87:788-794). 

The validity of Impedance cardiography (a an Important Issue because of Its potential usefulness in inten- 
sive care medicine. Impedance cardiography can be used In the intensive care unit to monitor changes in he- 
modynamic parameters (e.g. Cardiac Output, Systemic Vascular Resistance, etc.) as well as to gauge respons- 
es in theae parameters to pharmacologic therapy. This technique would be most helpful for the postoperative 

20 cardiac patient for clinical research of essential hypertension and for other cardiovascular diseases. 

The bioelectric Impedance of a living tissue or the whole body Is the measurement of Ita opposition to an 
electric current passing therethrough between electrodes applied to the body. Different physiological activities 
producing variations In the value of the tissue's conductivity, cause changes In the distribution of the current 
density which are detected as variations in the impedance of these tissues or the whole body. 

26 The impedance readings consist of the following three major components: 

1. The base impedance (Zo) arising from the electrical characteristics of the fundamental materials which 
make up the tissues (mainly, the extracell fluids). 

2. The Impedance change (6Z), synchronized with the cydlc cardiac activity. This component forms a line, 
called the rheogram. representing the Information concerning the cardiac activity. 

30 3. The impedance waveform <6V). accompanying the changes of the air volume and redistribution of the 

blood volume cauaed by respiration. The combination of these three components form a curve, which is 
called the plethysmogram by several researchers. 

Consequently, three main graupe of hemodynamic parameters are reflected In the plethysmogram and 

thus can be calculated therefrom. 
as Although electrical blolmpedance measurements have been studied for more than 30 years, It la only In 

recent yeara that clinical studies have documented the applicability of the blolmpedance measurements In the 
clinical setting. 

Two main types of the Electrical Blolmpedance Measurements (EBM) ere known In the pnor art: 

Local (elementary) EBM of the variations In ths blood volume, provided on specific parts of the body; 
*c the technique for thoracic EBM was suggested by Kubicek end colleagues In 1 966. end then modified by Shra- 
mek and Bernstein; and 

integral EBM of the whole body, enveloping practically the entire blood conducting system: the tech- 
nique Is described by M. Tlshcenko (1988). Yakovlev (1973). Holzer(1970) and others. The Integral EBM tech- 
nique Is e priori more Informative than the segmentary EBM; however, no appropriate technical realization 

is thereof has been recorded. 

So far as the Segmentary-type of the Electrical Bioimpedance Measurements are concerned, it has been 
shown that Segmentary EBM employs a low level current applied to the thorax, where changes In the volume 
and velocity of blood flow in the thoracic aorta result in detectable changes In thoracic conductivity. Kubicek 
et af. demonstrated that the first derivative of the oscillating component of thoracic blolmpedance (dZ/dt) Is 

so linearly related to aortic blood flow. Using this relationship, empirical formulas were developed to estimate 
Stroke Volume (SV), and then Cardlec Output (CO). (Francis G. SpInaJe and others, Critical Cars MocVc/ne, 
1990, Vol 18 No. 4. USA). 

The original Minnesota Impedance Cardiograph woa developed based on Kublcek's method. However, as 
reported by C.Jewkes and others. British Journal of Anaesthesia 1991; 67:788-794, this device produced dif- 
ferent correlation coefficients with the thermodilution technique, varying from good (r=0.97) to poor (,-0.41). 
Several achievements were then reported In the field defined by Kubicek end Shramek. 
U.S. Patent No. Re: 30,101 (William Kubicek etal.) describee an Impedance Plethysrnograph. Cardiac out- 
put Is measured by connecting excitation electrodes at the upper and lower ends of the thorax of a patient, 
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and connecting measuring electrodes to the thorax between the excitation electrodes. A constant fluctuating 
excitation current la applied to the excitation electrodes, and any changes In Impedance within the thorax are 
measured, whilst simultaneously measuring the beginning and the end of a systole. Cardiac output Is deter- 
mined by measuring the maximum decreasing Impedance slope during the systole. 

U S Patent No 4 450 527 (Bohumir Shramek). esolgned to one of the leading companies In the field. 
BoMED® Medical Manufacturing Ltd.. describes a non-lnvaslve continuous cardiac output monitor. The eystem 
diadoaed eliminates the effect of respiration from the thoracic Impedance as a function of time, so as contin- 
uously to provide a signal of pulsatile thoracic impedance changes. The pulsatile thoracic impedance signal 
is processed to produce signals Indicative of the ventric uler ejection time and the maximum rate of change of 
TiwH«tne thoracic Impedance, which are fed to a microprocessor In ordeTt5^IKilaTOlhe^olomB^fl.lood 
pumped per stroke according to an Improved systolic upstroke equstlon. 

BoMED® continued Its activity In the described field and Is now offering several products. One of them 
Is the BoMED® NCCOM3 (Irvine, CA). It has replaced the band electrodes of the original Minnesota Impe- 
dance Cardiograph with pairs of standard ECG electrodes, which Improves patients' acceptance. It also has 
an integrated computer using a new algorithm based on the Bernataln-Shramek formula, which allows on-line 
calculation of Stroke Volume (SV) and Cardiac Output (CO). (C.Jewkea end others: finfis/i Journal of Anaes- 
thesia 1 991 ; 67:788 794). „ j>s> , jw . . 

The device la used to measure cardiac output (CO), stroke volume (SV). heart rate (HR). and basal Impe- 
dance (Zo) or thoracic fluid Index (TFI). Two 'sensing" electrode palre are placed on the thorax at the level of 
the mld-axlllary line and on the lateral aspect of the neck. The other two pairs of the "current Injecting elec- 
trodes are located S cm above the cervical, and below the thoracic eenalng electrodes. The current Injecting 
electrodee deliver a 2.5mA, 70 KHz, alternating current 

The comparison of the EBM reeulte. supplied by the BoMED® NCCOM3, with the Thermodilubon read- 
ings, have shown reasonable correlation coefficients. 

However, remarked concerning the BoMED® apparatus, it has been ahown In sevsral stud.es (C Jewkes). 
(Francis G. Splnale); (Kou Chu Huang and others. Critical Cere Medicine. 1990. Vol 18. No.11). that 

. the epparatua overestimates at low and underestimates at high valuee of cardiac output In other words, 
there Is no linearity In the measuring characteristics: and 

• the apparatus Is critical to the form, type and placement of the electrodes. 

U S Patent No. 4,807.838 (B.Shramek and assigned to BoMED®) continues to descnbe the development 
of the equipment based on EBM. A non-invasive continuoue mean arterial blood pressure monitor process 
the electrical impedence across two segments of body tissue (thorax and legs) to provide a sjgnel for each 
segment that Indicates the Increase In blood flow In each segment at the beginning of each cardiac cycle. The 
cardiac outputof the patient Is also measured and the camlacjndjexof the patient Is calculated from the cardiac 

° UtP |t should be noted, that the monitor's measuring unit comprises a current source having e high frequency 
constant amplitude electrical current output The second segment's appearance in the monitor ref lecte the nec- 
essity of obtaining more representative Information concerning the human body'e hemodynemlc parametera. 
However, the second segments readings cannot substitute for the integral picture of the human body's hemo- 
dynamic parameters. The electrodee. uaed In the monitor, are arranged on the two segments in the way de- 
scribed In the previous reference. It means that an unpredictable error will appear due to each pair of the ex- 
citation end measuring electrodes and due to the distance between these pairs. 

The reguler segmentary thoracic EBM method and the same disposition of the excitation and measuring 
electrodes are ueed In the new BoMED® model 2001 Hemodynamic Management System HDMS. A constant 
magnitude alternating current having a frequency of 70 KHz and a magnitude of 2.5 mAf lows through the thor- 
ax. The epperatus does not demonstrate any revolutionary approach to the problem. 

Analyzing the systems, which Implement Kublcek's and Shrsmek's method, It should be noted that they 

era not eccurato for the following reasons: . 
1 Calculation of all the main Volume" hemodynamic parameters (Stroke volume. Cardiac output, etc.) is 
eccompllshed by using the derivative of the Impedance (dZ/dt). but not the Impedance Itself (Z) or Its active 
component (R). being the direct characteristics of the fluid volume. 

2. Non relleble results of calculations are achieved owing to non-linearity of the impedance end necessity 
to provide complicated current corrections. 

3. Dispersion of the meesuring current out ofthe segment messursd in the other parts of the body. 
4 Geometrv of the particular chest or other segments Is not taken Into consideration. 

5. Errors occurring owing to the Initial non-accurato electrodes- dislocation on the thorax, and their dis- 
placement caused by respiration. . 

6. Quite high error of calculations owing to the fact, that (6Z) Is measured relatively to the partial, ssgmen- 
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tary (Z) of the body, but not relatively to the total (Z) of the whole body. 

7. The necessity of the eeeond channel's signal (ECG) for synchronization of the measurement* In add»- 
tion to the rheogram signal, results In a plurality of electrical wires needed for the pstlsnf a examination. 
Moreover, these systems do not obtain and calculate parameters, characterizing the ™ 8 P™tory system 
One of the latest local EBM techniques which have been recently developed Is described In U.S. Patent 
No 5 17B 154 assigned to Sorba Medical Systems, Inc. There le disclosed an Impedance cardiograph and 
r^eihtd-ofoperation thereof, utilizing peak aligned ensemble averaging which provides high measurement ao 

CUm Howevar, the Sorba system still suffers several drawbacks. Thus. In the first Instance, the measurements 
ere provided by a tetrapolar system of electrodes which is complex. Inconvenient to the patient and results In 

Secondly, the main parameter to be measured (Cardiac Stroke Volume) Is computed by the Sorba system 
from a limited area section under a line of the msthemstlcal derlvsUve of the blolmpedance curve of a cardiac 
cycle More particularly, this area reflects only the phase of the test ejection of blood by the heart, and thus 
cannot reflectall specific processes of blood distribution taking place during a complete cardiocycle (and having 

an influence on the cardiac parameters). . . .„ . 

Thiidly. owing to the fact that the Sorba oyotem provides the thoraac impedance measurements, signals 
characterizing cartlacactivlty are much weaker (10%) than carrier signals of respiratory cydes; however, the 
small cardiac activity signals In Soma's system are thoroughly sorted out. averaged and processed, while the 
respiratory oscillations are considered as artlfacto and are not analyzed. It Is understood, that when using such 
en approach the respiratory parameters cannot be defined, and the accuracy of calculations of cardiac para- 
meters may be difficult to achieve. 

Also known is the so-called Integral EBM of the whole body, enveloping practically the entire blood con- 
ducting system. This technique Is described by M. Tlshcsnko (1968), Yakovlov (1973). Holzer (1970) end oth- 
ers. The Integral EBM to a priori more informative than the segmentary EBM; however, no appropriate technical 

realization thereof has been recorded. • 

The Integral EBM of the whole body was originally suggested by M. Ttohcenko (for example. Tlshcenko 
M I • 7he biophysical end Integral basis of Integral method tor determination of stroke volume of human blood 
system; Abstract of Ph.D. dissertation. Moscow. 1971). This method Includes applying electrodes not to e seg- 
ment, but to the whole human body: conveying e low alternating current having a frequency of 30 KHz, paealng 
through the whole body: measuring the whole body's impedance with a rheograph having a measunng bridge: 
separation of the ective component of the Impedance by manual tuning, and using It for the aubsequent cal- 

"^The Integral EBM method thusdeeeribed enables the operator to obtain information, concerning the whole 
cardiovascular aystem of the body, the main hemodynamic parameters are obtained using different empiric 
equations derived by M. Tlshenko for the Integral measurements. Owing to the tamer length of the body, em- 
braced by the electrodes, cslculstion errors can be minimized. The method uses a bipolar electrode eyatem. 
which Is olmpler and less prone to error then the tetrapolor Kublcek-s system used in the segmentary type 

EBM method. , , 

However, the eystem used by M. Ttohcenko, needs to be calibrated before every meaeuremenfc it also re- 
quires tuning In order to exclude the reactive component of the Impedance. The other problem Is the error, 
caused by the reactive component,appearlng between the electrodes and the skin at the place of their contact. 
This error Is almost Impossible to remove by tuning. The accuracy of the calculations completely depends on 
the manual adjustment, thus rendering the Tlshcenko system unreliable. 

Raaearch accomplished by the applicant prior to making the present application was Intended to satisfy 
the requirements of modern clinical investigations, such as: 

o obtaining complete Information concerning cardiorespiratory parameters, which can be provided only 
by means of the integral EBM of the complete human body. Buch as: 
hemodynamic para mo tors: 
o Stroke Volume 
<• Systolic Index 
• Pulse rats 
e Cardiac output 
s Heart Index 
o Reserve Index 
a Total Resistance Index 
o Index of Tone Stabilization; 
Rosplratory parameters: 
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• Rate of respiration 

> Index of Respiration changes 

• Index of Respiration IntBnslvsnsas; 

• Index of Hemodynamic Security; 

s and additional Important parameters, such as: 

• Volume of ExtraceU Fluid of the whole body 

• Index of Fluid balance of the whole body; 

• obtaining results of hiflh accuracy and reproducibility when compared with the lnvas.ve Thermodilubon 

n • redS the error, which may be caused by the type, construction and placement of the electrodes used 

The nonCeeKTemetCand system, which wsrs Investigated by the applicant, were effected by applying 
four electrodes to the extremities of a patient's body. Introducing an alternating current via thafour electrodes 
through the patient's body; further obtaining the Integral Impedance curve of the human ^^™J^J a £ 
is hides- and applying a computerized calculation of the cardiorespiratory parameters of the complete pabenfs 
S 70S parameSs concerning the extracel. fluids of the patienfa body from the Integra, blolmpedance 
curve, using empiric formulae applicable to Integral blolmpedance measurements. „ inlhl *, v 

However, when performing measurements with the above-mentioned four electrodes system, a relatively 
weak Integral blolmpedance signal la atill received from the human body. 
20 one reason for this effect la that the measuring current Is dissipated over a plurality of the chest arteries 
of the patient, as well as over the four of the patients extremities acting Ilka parallel branches of thejrMcbfe 
circuit Secondly, the measuring current flow which posses through the human's body m the four _e tetrodes 
system Is not mainly directed through the real tenets of the measurements, such as the hesrt and the chest 

23 These* Im fectore have a negative influence on the reliability of the meeaurementa. Moreover four elec- 

trodes which sre to be epplled to the humsn body, still cause e certain amount of Inconvenience to the patient 

3,1(1 .Us^reforean object of the present Invention to provide a non-Invasive Integra. EBM method and system 
for the determination of the main cardiorespiratory parameters of the human body, being patient-friendly, re- 
as suiting in e high calculetlon accuracy to be accomplished by the computerized system, and hav.ng e eecured 

electrodes' contact to the patients body when taking the required measurements. 

According to a first aspect of the Invention, there is provided a non-invaswe method for determining of 
the main cardiorespiratory parameters of the human body, comprising the steps of: 

applying electrodes to the patient's body In a manner enabling to obtain Integral blolmpedanee mess- 

35 urements of the total body of a patient . ... 

Introducing a high stability amplitude alternating current through eald electrodes Into said body, 
obtaining an integral impedance curve of said body from the electrodes: 

providing simultaneous automatic separation of an active component from eald Integral impedance; and 
applying a computerized calculation of the cardiorespiratory parameters of eald body from the active 
co component of said Integral blolmpedance, using empiric formulae applicable to Integral blolmpedence meas- 

Ur0m8 the calculation being accomplished based on the average data obtained during a respiration cycle 

In accordsnce with a preferred embodiment, four electrodes are connected In two pairs to the extremities 
of a patient's body: each pair being used both for current Injection and voltage measuring. 
<5 By comparison with the situation where only two electrodes are applied. It has been found that connecting 

only two electrodes enables: 

o the current dispersion to be reduced throughout the patients body and extram.bas; 

„ the main current flow to be applied to the heart and the chest part of the patient's aorta, these be.ng 

the major target of the Investigation; ^ 

so . the measured Integral blolmpedance of the patient's body to be Increased, thus Increasing the accuracy 

of further calculations of the naaded parametere; 

• the othertwo extremities of the patient to be freed for other possible treatments or patlenrs simultaneous 

» the influence of random movement or tremor of the patlenrs legs end/or hands to be reduced. 
55 It ehould be noted that rf any pathological changes are found in the extremities of the patient, or If some 

specific extremities are In the proceao of other kinds of treatments at the same moment, alternative lees pre- 
ferable combinations of the electrodee' positions can be used. More particularly, the two electees may be 
either connected to the distal parte of the right arm and the left leg. or to the right arm and the right leg, or to 
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the left arm and the left leg. 

According to a second aspect of the Invention, there la provided e non-lnvash/e medical device for deter- 
mining at least one cardiorespiratory parameter of the human body, said device comprising: 
at least two electrodes. 

electrical total body Integral bloimpedance measuring unit coupled to the electrodes and Including a nign 
stability amplitude alternative currentsource and an electronic circuit for automatic derivation of an active com- 
ponent of said integral bloimpedance; and 

a computer coupled to the electrical Integral bloimpedance measuring unit and to a display means for 
calculating and displaying said at least one cardiorespiratory parameter from the active component of the In- 
tegral bloimpedance. 

In a preferred embodiment, two electrodes are applied to the patient* a body according to a bipolar system, 
so as to be used both for current ejection and voltage measurement, the two electrodes being connected to 
the electrical bloimpedance measuring unit via a single channel. 

In order to understand the Invention and to see how the same may be carried out In practice, some pre- 
ferred embodiments will now be described, by way of non-llmiting example only, with reference to the accom- 
panying drawings, In which: . 

F\g. 1A la a block diagram showing functionally a measuring system according to the Invention using Tour 

electrodes; 

Fig. 1B Is a schematic circuit diagram representing the system shown In Pig. 1A; 

Fig. 1C Is a block diagram showing functionally a measuring system according to the Invention using two 

electrodes; . 
Flfl. 1P Is a schematic circuit diagram representing the system shown in Fig. 1C; 
Flge. 1E, 1F and 1G depict modifications of the system shown In Fig. 1C; 

Flfl. 2A Is a block dlsgram showing schematically an electrlcel integral bloimpedance measuring system 
according to the Invention; 

Fig. 2B Is a block diagram showing a modification of the Instrument shown in Fig. 2A; 

Figa. 3Aand 3B are a flowchart ehowlng the principal steps In a method for using the measuring system 

according to the Invention; 

Fig. 4 is an electrical circuit diagram of the high stability amplitude alternative current source shown In 

Fifl. 2A; #k 
Flfl. 5 is an electrical circuit diagram for achieving automatic separation of the active component from the 

Integral bloimpedance; and 

Fig. 6 is a timing diagram relating to operation of the circuit shown In Fig. 5. 

Figs. 1Aand 1B show respectively a block-diagram of a non-Invasive four-etectrode system for automatic 
express determination of the main cardiorespiratory parameters of a patient 10 and an equivalent electrical 
circuit diagram of the patient 10. 

Fourelectrodea 11, connected In two pairs, are applied to the distal parts of the arms and legs of the patient 
10. An elsctrical integral bioimpedance measuring unit 12 delivers a high stability amplitude alternating current 
through a single channel 13, via the electrodes 11 to the patient 10. The Integral impedance curve of the patisnt 
10 is obtained from the same electrodee 11 and la transfsrred through the oame single channel 13 to the meas- 
uring unit 12, which converts the Integral Impedance curve. The converted working signal Is then transferred 
through a second single channel 14 to a computer 15, where cardiorespiratory parameters of the whole body 
and parameters concerning extracell fluids of the whole body are calculated using empiric formulae. 

During a Monitoring Mode, personal data characteristic of the patient 1 0 which Is entered Into the computer 
15 via a keyboard (not shown). Typically, the personal data Includes height, weight, age, sex, results of a blood 
test, identification index, etc. An output signal 14 from the electrical integral bloimpedance meaauring unit 12 
is fed to the computer 15 and are stored In an Internal table therein. Preliminary processing of the raw data is 
performed ao as to derive a plethysmography and rheographlc curve, on the basis of which the respiratory 
cycle and heart beat complex Indices (marks) are determined (the beginning of the anaerobe slops, the length 
of heart complexes* cycle, their maximum amplitude, etc.). The area oectton under the Initial Impedance curve 
reflecting the phases of the fast and alow ejection of the blood during a cardlocyde Is used for computing the 
main parameters. Based on this data and the patients personal data, the parameters are determined using 
empiric formulae, newly developed by E. Frinermen, one of the inventors of this Invention. 

The basic hemodynamic parameter Stroke Volume (SV) Is calculated according to the following equation: 

K(Bhepo * sax * mg«) R P 

whore: 

Hcia^r 3 corrected Haemotecrytls, being 145 * 0.35(tfcf- 40); 
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Hct Haemotacrytlo, obtained from the blood analysis of the patient; 

K(9h*p****x**9*) a complex coefficient of the Individual pattenfa body, being: 

men younger than 20 years old women younger than 18 years old 
= 527.3 -(3.1 * (Actual Age -20)); = 587.6 -(2.9 * (Actual Age -18)); 

men older than 40 years old women older than 50 years old 

= 527.3 + (3.1 * (Actual Age -40)); = 587.6 + (2.9 * (Actual Age -50)); 

hr/R the ratio characterizing the measured active blolmpedanca component's change; 

H the corrected height of the patient, given by: 



H =(/*_ + 2) if body length s Q >66±a04 
"ccrr ^ n rt*i > legs length 

(2) 



or 
H 



= (^-2) if body 1^ = 0.54*0.04 
reaS legs length 

a + p duration of a cardiac cycle, being a 3um of Its anacrotic and catacrotlc parts; 

a duration of the catacrotlc part of a cardiac cycle; 

KqI coefficient of electrolytic lon B In the patient's blood, calculated baaed on the blood 

analysis and being given by: 

a) for trio patlonta exposed to a hamodlalyala 

~ . < W ±j£±J!g£-± C***nimol/l) (3) 
K6/ 142 + 13 (mmol/l) 1 1 

b) for othor patient* 

"** 142(mmoW) li 
^ the weight coefficient, being j^fgg^ 

« (according to the International Tablee of Ideal weights) 
IB Index Balance, given by the following ratio; 

s The manured volume of extracellular fluids , 5 j 
lB 9 The proper volume of extracellular flulda 

The above described novel equation demonstrates that Individual differences In a bloimpedance of a spe- 
cif Ic human body can be considered by correcting the formula according to the particular features of the pa- 
tienfs body 

The computer 15 is programmed to calculate a plurality of parameter based on the above definition of 
>he Stroke Volume equation. For example, the following parameters can be computed; 

index of Roeplratlon Change* (IRC) Is calculated according to the following formulae, reflecting the 
Stroke Volume changes relatively to respiration: 

Yssl (^P) of the same cardlocycle 
IRC 83 Yam* (C/D) of the same card lacy dm 

where* 

"is the maximal amplitude of the anacrotic part of a cardlocyde, defined during one respiration cycle; 

VU is the minimal amplitude of the anacrotic part of a cardlocyda, defined during the same respiration cyde; 
CJD see the explanation of (SV) calculation. 

The Extracellular fluid Volume of the whole body (Vecf) (by M. Tishcenko equations): 

V^" K © H' ° ft" 1 0 10* (7) 

where: 
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K is a coefficient, being 95 for male and 115 for female; 
R {8 the patient's body resistance; and 

" V£. ?C SdXw respectively a block-diagram of a non-Invasive twcalednrfa ^<«™£ 
s expreS. determination of the main cardiorespiratory parameters of a patient 10 and an equivalent electrical 

drc lSe^^ 

pert or the patient's right leg. All the other elements of the ayetom remain the same es the system descnbsd 

„ ^Sdtf^ * the difference between the eouiva-ent electric dlagrama of the pafient 

1 o used in the system shown In Figa. 1B and 1 D, the Integral blolmpedance of the patent as measured bythe 
system of Fig. 1 C will be higher than that measured by the system according to Fig 1 A. as. «p la Inedj above. 
This enables a stronger Initial algnal to be obtained, thus Improving the accuracy of the further electric trans- 
formations and calculations to be accomplished by the system. 

« MoreoveJ the current flow is mainly directed through the heart and the chest part of the otter** aorta 

being the actual target for the measurements; and the current Is less dissipated throughout the extremities 
and chest arteries. These two factors improve the reliability of the measurements Moreover the deacnbed 
two-electrode system Is more pstlent-fHendly than the four-electmde system end also ™^ n °^°* 
affect simultaneously some additional needed measurements or treatments on the patle mVs aecond arm orleg. 

x Some other possible varlanta of the electrodes connection are showed In Figs. 1 E to 1 G. In each case, 

either two or four electrodes may be connected to the patient In case of the former the arrangemen reduces 
to the bipolar system described above with reference to Figs. 1C and 1D of the drewmg* If the electrodes 
which are shown dotted ere also connected, then the arrangement describes a tetrapolar scheme inwh.ch two 
of the electrodes are active for Injecting the current, whilst two of the electrodes are passive for detecting the 

^"StaSon' of parameters to be eccompllshed by this modified system needs specific corrections in com- 
parison with hitherto-proposed calculations for the four-electrode eystem. These corrections may be effected 
by means of adjusting of the empiric coefficients aa defined above. 

Fig 2A Is a block-diagram of the electrical Integral blolmpedance measuring unit depicted as 12 In Figs. 
30 1A and'lC. It ehould flmt be noted, that the human body behaves, from an electrical point of view, as an RC 
impedance. The operation of the unit 12 described below clarifies the method suggested in the present appll- 
catton 

The electrical Integral blolmpedence measuring unit 12 comprises a voltage pulse generator 21 . producing 
30 KHz rectangular pulseo. These pulees are directed to a controllable gain amplifier 22 an outlet of which Is 
as connected to a Cheblshev filter 23 for converting the signal to a sinusoidal form. The outlet of the filter 23 Is 
connected to an Inlet of a eymmetric high stability amplitude alternating current source 24. The high stabO.ty 
amplitude current maintained at the oullets of the current aource 24. Is applied through two pe.ra of electrodes 

25, 26 to the humen body 27. . 

The voltage signal, proportional to the human body Impedance Z (oonotltullng an integral bioimpedance) 

40 is generated within the petlenfs body and transferred from the electrodes 2S, 26 to e high precision amplifier 
28 whose outlet Is fed to a first Input of a eynchronouo detector 29. The synchronous detector 29 hae two func- 
tions- f list, It rectlflee the obtained Integral blolmpedance; and secondly. It provides almultaneous derivation 
of the ectlve component of the Integral blolmpedence voltage vector. This component Is directly proportional 
to the resistive component of the load (resistance of the blood eystem eo eteted by Tlshcenko). 

43 The second function Is provldedwiththeaidof a switch controlling scheme 31. connected atan Inlet thereof 

to an outlet of the filter 23. and at an outlet thereof to a second input of the aynchronouo detector 23. 

The linear behavior of the synchronous detector 29 simplifies the calibration process and reduces It to a 
one time, initial adjustment (instead of e per cycle eel Ibration). 

A low frequency filter 30 being, for example, a low pass Bessel filter, Is connected to an outlet of the syn- 

30 chronous detector 29. The low-pasa filter 30 cute off high frequency components, for example above 32 KHz. 
and delivers a working algnal. Ttie working signal, being the active blolmpedance component. Is then divided 
by a capacitor 32 into a direct component and an alternating component The alternating component is ampl.- 
fled by a high scaling amplifier 33 and Is fed together with the direct component to respective inlets of e mul- 
tiplexer 34. An output of the multiplexer 34 Is connected to an analog-to-dlgltal (A/D) converter 35. which * 

55 cannactedtothecomputor15(Flge.1Aend1C)throughstransmitter36. 

Also provided Is e eelf-teetlng block for testing the unit before starting the measurements compnslng a 
control unit 37 connected to the second outlet of the controllable gain amplifier 22 and a simulating Impedance 
circuit 38 connected across the patient's body 27. 
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Fin 2B is a block-diagram of a modification 80 of the unit of the instrument described above with reference 
to Fiu 2Aof the drawings. The Blolmpedance Measuring Unit which la depleted in Fig. 2Aw.th.n a dashed l.ne. 
la now shown as 61. It should be notad. however, that two electrodes 62. 63 are now applied to two of the 
patient's extremities, and are ahown outelda the Blolmpedance Measuring Unit 81 (as opposed to the four elec- 
trodes shown In Fig. 2A Inside the dashed contour). Two additional ECG electrodes are applied to the arms 
of the patient and connected to an ECG measurement circuit 64. .. ... 

A micro-controller 85 (such as model 80196KC manufactured by Intel®) combining the funcuons of the 
A/D converter and a microprocessor. Is provided for processing in real time a curve obtained from the ECG 
circuit 64, together with the curve obtained from the Blolmpedance Measuring Unit 81 and being acomposrt.on 

micro-controller 65 receives the Initial complete blolmpedance curve from the Blolmpedance Measuring Unit 
61 (more particularly from the output of the High Precision Amplifier 2B shown in Fig. 2A) When processing 
both the Initial blolmpedance curve and the curve of the active blolmpedance component, themlcro-conb-oller 
85 and a computer 68 (such as a note-book computer) continuously calculate a capacitance of the e ectnc c.r- 
cuit of the human body. The value of the capacitance of the human body can be calculated by the formula: 



and continuously checked. , 

An excess of the capacitance over e predetermined threshold, or oscillation of the capactance indicates 
degradation of the contacts between the electrodes and the petient's skin. In euch ceae. an appropriate alarm 
Is activated under control of the computer 66. The outputs of the micro-controller 65 ere oonnected to the com- 
puter 66 via Isolation circuits 67 (such as opto-leolatora MOC 6080. Motorola®) providing electrical protection 
of the padentfrom a random voltage, via a correction circuit 88 (ouch as the driver RS232C) and an appropriate 
RS232C cable 69. The correction circuit 68 and the micro-controller 65 ere supplied with electrical voltage of 
+5V from the computer 66. The voltage +5V1s converted to ± 5V by a DC/DC converter 71 . which Is further 
connected to a power supply unit 70. The DC/DC converter 71 also performs e function of an Isolation circuit. 
The power supply unit 70 provldao the blocks of the Instrument 60 with electrical voltage ± 5V 

Ftas. 3Aand 3B ahows a flow diagram of an algorithm in accordance with which the system functions. 

At step 100 the eystem is switched on. and the duration of the monitoring seaaion is chosen. The duration 
of the monitoring session can be defined as a duration of an Initial blolmpedance curve section intended for 
an averaged calculation of the necessary parametera. end can be chosen In the range of about 10 to 30 sec 

At step 102 a check Is performed In order to determine whether the Information from the Blolmpedance 
Measurement Unit 81 Is obtained on the display. If not. the reason should be detected end indicated by at least 
one of the following test blocks: 

Block 1 04 The impedance between electrodes and the skin Is not stable; 

Block 1 06 There ia no contact in the cable RS232C; 

Block 108 The ECG electrodes contact la poor, 

Block 110 A poor contact of the blolmpedance measuring electrodes. 

After overcoming the reason for the malfunction, the cycle should be started again (returning to step 1 02). 
If no exit command were keyed by an operator (block 112). the digital test readings of R (active Impedance). 
C (capecitance). and Z (complete impedance) wfll be displayed In real time on the display (step 114). 

When these parametera are stabilized (step 116), the next procedure Is started wherein the QRS pulse Is 
derived from the ECG curve (step 118) for marking the blolmpedance curve. 

Step 120 repreeente the processes of merklng of the blolmpedance curve by the marks obtained at step 
118. further processing of the rheographlc Information and computing the main cardiorespiratory parameters 
being based on the average date obtained during a respiration cycle. 

If a record of the computed parametera is not ebortad at step 1 22. the parameters should be stored .n the 
computer. The parametera In the system can be computed either In a regime of a single measurement {step 

124). or in a continuous regime (etep 128). 

The computed parameters may be stored In the computer In one of the following two ways: the values of 
the parametera can be either entered Into e data baee of the patient In the computer (atep 132). or the para- 
metera can be written down as a temporary protocol In the computer (etep 134). Atstep 1 30 It Is decided wheth- 
er or not the date base should be used for the record of the computed parametera. 

When the single monitoring eeaslon la finished, a plurality of the computed parametera ere Indicated on 
the dlscley (step 136). At etep 136 there Is defined whether or not to repeat the measurements. The order to 
repast the measurements cen be entered either manually by the operator, or automatic^ the "j*""" 
regime we re choeen. If euch an order Is received, enother monitoring session will be started, and ^d^onal 
readings of the parametera will be recorded. If the measurements are not to be repeeted. the process will be 
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stopped at 9tep 140. 

Fig. 4 shows an electrical acheme of the source of the high stability amplitude alternative current across 
an RC load The currant source 24 has a symmetric structure In order to minimize error* and noise appearing 
In the output signal. The second feature Is Its high stability to 10-*). The variations In the resistance, due 
to heartbeat and respiration cydea, are In the range of 1<H> of the total value. In order to make the measure- 
ments of these variations reliable, the stability of this circuit has to be at least two orders of magnitude greater. 

The high stability amplitude alternative current source 24 comprises f irst and second symmetric current 
sources 41 and 42, in order lo minimize errors appearing In the output signal. The two symmetric current sourc- 
es 41 , 42 are connected to the voltage pulae generator 21 through the amplifier 22 and filter 23 (see Fig. 2A). 
nwiffput-polntt^^ 



inverter 43, and the second symmetric current source 42 Is connected to the "input" directly. 

The first current eource 41 stabilizes the positive half-wave alternating voltage Input, and the second cur- 
rent source 42 stabilize© the negative half-wave alternating voltage Input Each of the symmetric current sourc- 
es 41. 42 comprises three high precision operational amplifiers In conjunction with associated circuitry. The 
first operational amplifier 44, having a high output resistance. Is fed with the alternating algnal from the "input" 
point at the Inverting Inlet A positive feedback is formed on the amplifier 44 by a second high precision, high 
speed operational amplifiers. The first and eecond operational amplifiers 44, 45 stabilize the alternating cur- 
rent passing over the RC load 48. The outlet of the first operational amplifier 44 and the non-lnverUng Inlet 
of the second operational amplifier 45 form a zero point *0 - . 

Owing to the high output resistance of any current source, stray currents or an asymmetric Input voltage 
may deter the current eource from the operating. In order to prevent thla, the third operational amplifier 47. In 
conjunction with Its appropriate circuitry, la connected at its inverting Inlet to the zero point "0\ and at its outlet 
to the non-inverting inlet of the first operational amplifier 44. The operational amplifier 47 provides a zero vol- 
tage DC level at the zero point B 0* , thus maintaining the current source In correct working condition. The load 
46, being a human body, is connected to two symmetric zero pointa of the two symmetric current sources 41. 
42. 

Figs. 5 and 6 ahow respectively the electronic circuit 50 for automatic derivation of the active component 
from the Integral btolmpedance, and a time diagram describing the circuit's operation. The circuit Is constituted 
by the synchronous-detector 29, associated with the switch controlling acheme 31 In Fig. 2A. 

The circuit 50 comprises first and second operational amplifiers 51 and 52. respectively. The first opera- 
tional amplifier 51 la connected et Its Inlets to the high precision amplifier 28 (see Fig. 2A). The second opera- 
tional amplifier 52, functioning as a comparator, is connected at Its Inverting Inlet to the outlet of the filter 23 
(Fig. 2A) through an RC timing circuit 53. An outlet of the second operational amplifier 52 Is connected to the 
non-inverting Inlet of the first operational amplifier 51 through an electronic awltch 54. The RC timing circuit 
53 is Intended to remove a delay In the triggering of the comparator 52 and the switch 54. 

The electronic circuit 50 operates as follows. An alternating vof tage U x from the outlets of the high precision 
amplifier 28 Is applied to the both Inleta of the first operational amplifier 51. The voltage is proportional to 
the voltage appaering across load constituted by the human body and represents Its blolmpedance, 

An alternating voltage U 0 from the outlet of the filter 23 is applied to one Inlet of the comparator 52 through 
the RC timing circuit 53. Owing to the fact, that the voltage U 0 activataa the high stability amplitude alternative 
current eource 24. this voltage Is proportional to the current l 0 , passing through the human body load. 

It can be seen on the timing diagram, that the U 2 curve Is delayed relative to the U D curve; the delay being 
predetermined by the reactive component of the human body load. If U 0 becomes positive, the comparator 52 
will Immediately turn off the awltch 54 (see the U^p curve), and a voltage will appear on the outlet of the 
amplifier 51 whose magnitude Is given by: 

Vi* K * U s (0) 

where: 

K la an amplifying coefficient 
If U 0 becomes negative, the comparator Immediately operates the switch 54, and the amplifier 51 Inverts 

the Input voltage, whereupon the output voltage will be: 

U d * °K « U t (10) 

Hence, the scheme described accomplishes detection of the input voltage U x . The U d curve has poaltlve sec- 
tions, which can characterize the active component of the KJ Z voltage curve by their duration and amplitude. 

The positive U d voltage is filtered by the low frequency filter 30 (Fig, 2A). At the outiet of the filter 30 an 
alternating voltage U, Is created, equal to the average value of the U d voltage. Voltage U f can be described by 
(he following equations: 
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r 

(2J„ * K * Z) \ 
U f = — * Jain(ti>f + 4>)c£r 

^ o (11) 



where: 

l m fs the amplitude of the current passing through the load; 
K Is the amplifying coefficient = U d /U x : 
cd is the angular frequency: 

$ Is the delay angle between the current and voltage curves; 

U "*"^R (12) 
Z the Impedance of the load being given by: 



Z = 



cos 4> 

(13) 



2 + (o,c) 



T Is the period of the sinusoidal signal. 
Using all these data It may be shown that 

Hence, the voltage U f appearing on the outlet of the filter 30 Is proportional to the active component R of 
the blolmpedance of the human body. 

It has been shown that the method according to t he Invention comprises applying t he electrodes according 
to either a bipolar or tetra polar system. In eKher case, a preliminary connection of four electrodes may be ef- 
fected to the respective distal parts of the human extremities, whereafter the Integral impedance is preliminarily 
measured between each pair of electrodee placed on each arm and leg. Determination of the main cardiores- 
piratory parameters of the human body is made In accordance with which pair of electrodes Is characterized 

by the lowest integral impedance. 

In accordance with one embodiment, the method according to the Invention further Includes a computer- 
ized calculation of parameters concerning extracellular fluids of the patient's body, the calculations being 
based on measurements accomplished at two different currant frequencies. 

It should further be noted that the method according to the invention may also be employed for revealing 
the pathological extremities, where arterial blood circulation defects occur or another pathological defect takes 
place. 

Moreover. If both of the upper extremities are under treatment or have associated therewith pathological 
defects (thrombophlebitis, tremor, oedema), or \f the patient needs to be monrtored for a long period of time, 
or has to have his arms free forot her types of treatment or for required physical exercises, other arrangements 
of the electrodes' connection can be effected, especially for measuring of cardio-parsmetBrs. 

In the preferred embodiment a plurality of such parameters are calculated by said method. Including he- 
modynamic parameters such as Stroke Volume. Systolic Index. Pulse Rate. Cardiac Output. Heart Index. Re- 
serve Index. Total Resistance Index, Index of Tone Stabilization; and respiratory parameters such as Rate of 
ReaplraUon, Index of Respiration changes, Indax of Respiration Intenslvenese. Index of Hemodynamic Secur- 
ity, and additional parameters, such as Index of Respiratory Duration and Index of Tidal Respiratory Vol urn b. 

' |n yet a further embodiment, a plurality of parameters characterizing extracellularflulds of the human body 
are calculated, such as Volume of Extracellular Fluids of the whole patient's body and Index of Fluid Balance 
of the whole body. 
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While the present invention hao been deacribed with the reference to the Attached drawings, ft should be 
appreciated, that other embodiments of the described system and Ha element* can be suggssted and should 
be considered aa part of the Invention. 

Claims 

1. Anon-Invaslve method for determining of the main cardiorespiratory parameters of the human body, com- 

measurements of the total body of a patient: 

Introducing a high stability amplitude alternating current through aald electrodes Into said body; 
obtaining an Integral Impedance curve of said body from the electrodes: characterized by the fol- 
lowing steps: , ... 4 , . . ' ^ 
providing simultaneous automatic separation of an active component from aald Integral impedance, 

find applying a computerized calculation of the cardiorespiratory parameters of said body from the ac- 
tive component of said Integral biolmpedance. using empiric formulae applicable to Integral biolmpedance 

measurements; t u . 

the calculation being accompllahed based on the averege data obtained during a respiration cycle. 

2 The method according to Claim 1 . further characterized by calculating parameters relating to extracellular 
fluids of the patient's body; said calculations being based on measurements accomplished at two different 
current frequencies. 

3 The method according to Claim 1 , characterized In that the four electrodes are applied to the extremities 
of a patient's body; said four electrodes being connected In two pairs, each pslr being used both for current 
injection and voltage measuring. 

4 The method according to Claim 1 , characterized In that the two electrodes are applied at two distal perls 
90 ' of the patient's extremities respectively, so as to Include the patient's body as part of an electrical circuit 

formed between said electrodes. 

The method according to Claim 4, characterized In that one of the two electrodes is applied to the distal 
part of the left arm, and the second electrode Is connected at the distal part of the right leg of a patient 

S. The method according to Cleim 1 , further characterized by the following steps: 

preliminary application of four said electrodes to the respective distal parts of the human extrem- 

<t» ea - < w m 

meeaurlng the Integral impedance between each pair of said electrodes placed on each arm and 

*Q leg; and 

choosing for determination of the main cardiorespiratory parameters of the human body the pair 
of electrodes characterized by the lowest Integral Impedance. 

7. The method according to Claim 1. characterized In that the electrodes are applied according to a bipolar 
4$ system. 

S. The method according to Clelm 1 . characterized In that the electrodes are applied according to a tstrapolar 
system. 

3. The method according to Claim 1 , characterized by the following steps: 

continuous checking of each electrode'e contact by continuously defining e local capacitance be- 
tween the electrode and the patlenfs skin during said measurement, and 

activating an alarm whenever said capacitance exceeds a minimal threshold. 

10 The method according to Claim 1 . characterized by calculating a plurality of eald parameters including: 
55 hemodynamic parameters such as Stroke Volume, Systolic Inde^ Pulse rate, Cardiac output, Heart 

Index, Reserve Index. Total Resistance Index, Index of Tone Stabilization; 

' respiratory parameters such as Rate of respiration, Index of Reopiratlon changes, Index of Resplr- 
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8bon intanarvanaaa, Index of Hemodynamic Security; and , j , . . v „. 

additional parametera, auch aa Index of Reapiratory Duration and Index of Tidal Raaplratory Vol- 



ume. 



11 The method accordlnfl to Claim 1 0, characterized In that a plurality of parameters characterizing extrac- 
IlMaTfluS. oflne human body are calculated, auch aa Volume of Extracellular Fluids of the whole pa- 
tlent's body and Index of Fluid Balance of the whole body. 

12. The method according to Claim 1. characterized In that a baaic hemodynamic parameter Stroke Volume 
l5^lcutatBa^6Gordlng-to-the4ollowing,equatlanL 



or 



b — Hct -™ m sr — car - • SL± ^- • **/ • Kw *1B 

Met q corrected Haemotacryoa, being 145 + 035(Hct - 40); 

Hct owr ' Haemotacrytla. obtained from the blood analysis of the patlenn 

K(sh*p**s*x*ago) a complex coefficient of the Individual patient" a body, being: 

men younger than 20 yoaro old 

« 527.3 -(3.1 • (Actual Age -20)); 

men older thart 40 year* old 

= 527.3 + (3.1 • (Actual Age -40)); 

women youngor than 1B y»ara old 

= 587.8 -(2-9 • (Actual Age -18)); 

womenolder than 50 years old 

= 587.6 + (2.9 • (Actual Age -50)); 
bf/R the ratio characterizing the measured active blolmpedance component's 

change; 

the corrected height of the patient, given by: 
*W" ("/W ^i ,T jogalongth 

u - tu 2% |f bpjyjonflth . 0 .54i:0.04 

0 + p duration of a cardiac cycle, being a aum of its anacrotic and catacrotlc parts; 

n duration of the catacrotlc part of a cardiac cycle; 

K9i coefficient of electrolytic lone In the patient's blood, calculated baaed on the 

blood analysis and being given by: 

a) for tho patients expoaed to a hemodlalyala 

Mi . m (Nq*+ 9C+ M ff% CeVmmol/1) 
142 + 13(mmoW) 

b) for other patient* 

M 142 ( mmol/I ) 

i . u . - Actual weight 
K w the weight coefr.clent, being ^weight • 

• (according to the International Tablea of Ideal weights) 
m Index BaJance. given by the following ratio: 

The meaeured volume of extraoollular fluids 
' B * The proper volume of extracellular fluid© 

13. A non-Invasive medical device for determining at leant one card lorespfra tor y parameter of the human 
body, characterized In that said device comprises In combination: 
at least two electrode*, (11,25-26, 62-63) 

electrical total body Integral blolmpedance measuring unit (12, 61) coupled to the electrodes^. 
25-26 62-63) and Including a high stability amplitude alternative current source (24) and an electronic 
circuit' (50) for automatic derivation of an active component of said integral blolmpedance: and 

s computer (15, 66) couoled to the electrical Integral bioimpedance measuring unJt (12, 81) and to 
a display means for calculating and displaying oald at laaat one cardiorespiratory parameter from the ac- 
tive component of the Integral blolmpedance. 
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14. The device according to Claim 13, characterized In that two of said electrodes (11 . 82-63) are applied to 
the patient's body according to a bipolar ayatem, so as to be used both for current injection and voltage 

moaaurement: and „ . , 

the two electrodes ara connected to the electrical blolmpedance measuring unit (1 2. 61) via a single 

s channel (13). 

15. The device according to Claim 13, characterized In that four of said electrodes are applied In pairs (62- 
63) to two sections of the patent's body according to a tetrapolar system, so that a first pair of the elec- 

_ trodea are used for current Injection, and a second pair of the electrodes are used for voltage meaaure- 

10 ment; and , . 

the four electrodes are connected to said electrical blolmpedance measunng unit (61 ) via two chan- 
nels. 

16 The device according to Claim 13, characterized In thatthe current source (24) delivers high stabBity am- 
plitude alternating current through the patlent'a body being a reaistive capacitance (RC) Impedance. 
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17. The device according to Claim 16. characterized in that the current source (24) has a stability factor of 
between 10r* to KH. thus enabling the device to measure reliably the variations in bioimpedance In the 
complete range of 10-* 

» 18. The device according to Claim 16. characterized in that said high atablllty amplitude alternative current 
source (24) delivers to the patient's body a currant of 1 to 2 mA, at a frequency of 32 to 100 KHz. 

19. The device according to Claim 13, characterized In that the electrical integral bioimpedance measuring 
unit (12; 61) comprises: 
26 a voltage pulse generator, (21) 

a controllable gain amplifier (22) having a first terminal coupled to the voltage pulae generator (21) 
and having a second terminal coupled to a first filter (23), 

a high stability amplitude alternative current source (24) coupled to the first filter (23) and having 
a pair of outlets connected to the at least two electrodes (25-26; 62-63) connected across the patient's 
30 body. 

a high precision amplifier (28) connected across said at least two electrodes for receiving a signal 
therefrornand having an outlet connected to a detector (29) fbrdetectlng the Integral bioimpedance signal 
obtafned and for providing simultaneous separation of Its active component from its reactive component 

a low-pass filter (30) coupled to an output of the detector (29) for Issuing a working signal at an 

36 output of said low-pass filter (30), 

a capacitor (32) coupled to the output of the low-pass fitter (30) for dividing the working signal Into 

a direct component and an alternating component, 

a high ecallng amplifier (33) coupled to the capacitor (32) for amplifying the alternating component, 
a multiplexer (34) having a pair of inlets respectively coupled to outputs of the electrical integral 
to bioimpedance measuring unit, being the outputs of the low-pasa filter (30) and the high scaling amplifier 

(33) . for alternately connecting either the direct or the elternatlng components to an Input of said multi- 
plexer, and 

an anelog-to-dlgltal (A/D) converter (35) having an Input connected to the output of the multiplexer 

(34) and having an output connected to said computer (15) via a transmitter (36). 

46 20. The device according to Claim 19. characterized In that the detector (29) Is provided with a switch contro] 
(31) connected between the output of the first filter (23) and the input of the high stability amplitude al- 
ternative current source (24). 

50 21. The device according to Claim 20, characterized In that the detector (29) compriaee: 

a first operational amplifier (51) having a pair of Inputs connected to the high precision amplifier 
(28) and a second operational amplifier (52) connected at an inverting input thereof to the outlet of the 
first fOter (23) through an RC timing circuit, and at Its outlet to the non-inverting input of said first opera- 
tional amplrfier (51) through an electronic switch (54). 

55 22. The device according to Claim 19. characterized in that the electrical Integral blolmpedance measuring 
unit (81) It provided with a self testing block for testing the unit before starting the measurements; 
the serf tasting block comprising: 
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a control unit (37) connected to the second outlet of the controllable gain amplifier (22). and 
a simulating Impedance circuit (38) connected across the patient's body. 

23. The device according to Claim 19. characterized In that the analog-to-digltal converter (35), the multiplex- 
er (34)and the transmitter (38) are at least partially constituted by a micro-controller. 

24. The device according to Claim 23, characterized In that the Inputs of the high precision amplifier (28) are 
connected to at least two said electrodes (82-63). 

there are further provided two ECG electrodes connected to an ECG measuring circuit (84), 
the outputs of the electrical Integral blolmpedance measuring unit (81 ) are conne ct ed to respective 

Input ports of the micro-controller (65) having at lesst one output port. 

the output of the high precision amplifier (28) Is connected to the micro-controller (65), 

an output of the ECG measuring circuit (64) to connected to the micro-controller (65). and 

the at least one output port of the micro-controller (85) is connected to a computer (66) via Isolation 

circuits (67)and a correction circuit (68). 

25. The device according to Claim 16. characterized in that the high stability amplitude alternative current 
source (24) comprises: 

two symmetric current sources (41 , 42) connected to the voltage puloe generator (21 ) via the con- 
trollable gain amplifier (22) and the first filter (23), one of said symmetric current sourcea (41) being con- 
nected to the first filter (23) through on Inverter (43), snd the second symmetric current source (42) being 
connected to the first filter (23) directly; 

the first of the symmetric current sources stabilizing the positive half-wave alternating voltage, and 
the second of the symmetric current oourcea stabilizing the negative half-wave alternating voltage re- 
ceived from the output of the first filter; 

and wherein each of the aymmetrfc current sources (41, 42) comprises: 

three high precision operational amplifiers (44. 45, 47) provided with associated circuitry; a first 
(44) of the high precision operational amplifiers having a high output resistance and being provided with 
an alternating signal from the first filter (23) at the Inverting Input, and being further provided with a pos- 
itive feedback farmed by a second high precision, high speed operational amplifier (45); aald first and sec- 
ond operational ampllflero stabilizing the alternating current passing through the load (46); 

the outlet of the first operational amplifier (44) end the non-Inverting Inlet of the second operational 
amplifier (45) forming a zero point; the third operational amplifier (47) is connected at Its Inverting Input 
to the zero point, and at its output to the non-Inverting Input of said first operational amplifier (44) in order 
to provide 8 zero voltage DC level at said zero point; and 

said load (46), being constituted by a human body. Is connected to two symmetric zero points of 
said two symmetric current sources. 
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